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IRRIGATION CONTROLLER 

This application claims the bene?t of US. Provisional 
Application No. 60/081,674 ?ling date Apr. 14, 1998. 

FIELD OF THE INVENTION 

The present invention relates generally to irrigation equip 
ment. More particularly, the invention disclosed herein 
relates to a programmable irrigation controller for multiple 
Watering Zones. 

BACKGROUND OF THE INVENTION 

Vegetation typically groWs in soil that has been Watered 
by rain. HoWever, normal and healthy groWth of vegetation 
can be retarded and even prevented When natural rainfall 
fails to meet the requirements of that vegetation. 
Advantageously, arti?cial irrigation can compensate for the 
de?ciencies of nature by supplying sufficient amounts of 
Water directly to vegetation at predetermined intervals for 
predetermined lengths of time. 

Early techniques for supplementing natural rainfall rela 
tive to vegetation located remote distances from a Water 
source often comprised such rudimentary methods as a 
manual pouring of Water directly onto vegetation by hand 
and bucket. Eventually, aqueduct systems simpli?ed the 
task. A basic aqueduct systems typically comprises long 
furroWs or pipes designed to transport Water from a remote 
source, usually employing gravity, to an area immediately 
adjacent the vegetation sought to be Watered. Eventually, 
diligent invention led to additional advances in irrigation. 
Animal poWer and mechanical lifting provided irrigation 
systems that Were more efficient and less taxing on those 
Who employed them. 

Advances in generaliZed technology eventually led to still 
further improvements in irrigation. Steam poWer, the inter 
nal combustion engine, and electricity alloWed irrigation 
systems to become fully mechaniZed. Previously state-of 
the-art irrigation controllers gave Way to mechanical devices 
With internal, often programmable, timers. These systems 
provided a means for automating the control of Water ?oW 
from a pressuriZed Water source through piping assemblies 
and the like to plural Watering stations or Zones. 

Automatic electromechanical controllers for such systems 
typically incorporated conventional motor-driven electric 
clocks for alloWing a user to program individual start times 
for particular irrigation cycles and Watering stations. Calen 
dar programs could provide the ability to select particular 
days for Watering over a span of 14 days and more. With 
these electromechanical controllers, calendar programs 
Would be operable by means of a disc that is rotated each 24 
hours to a next-day position by a motor-driven clock. 
Unfortunately, such systems quickly become undesirably 
complex With increased numbers of Watering Zones, such as 
is required With golf courses, cemeteries, parks, and the like. 

Again, innovation provided an incremental improvement 
With the development of solid state irrigation controllers 
thereby replacing the electric motors, mechanical sWitches, 
actuating pins, cams, levers, gears, and other mechanical 
devices With solid state electronic circuitry. With this, the 
systems alloW programming of multiple start times and day 
programs for individual Watering stations or Zones, repeat 
cycles, and Watering time selections in minutes or even 
seconds—all With increased accuracy coupled With a con 
comitant elimination of the complex interrelation of 
mechanical parts. 

Generally, prior art solid state irrigation controllers incor 
porate a programmable microprocessor With a user interface 
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2 
that enables a programming of several Watering stations or 
Zones based on a plurality of timing variables such as daily, 
Weekly, odd days, even days, start times, Watering lengths, 
and still further variables. Each Watering Zone typically 
includes one or more sprinklers and a solenoid valve that is 
normally regulated by the microprocessor. The solenoid 
valves control the How of Water from a pressuriZed Water 
source to a given Watering Zone. Certain systems visually 
communicate the current status of the system’s program 
mable variables by use of such means as liquid crystal 
displays (hereinafter “LCD”). Some systems alloW a user to 
override the preprogrammed automatic Watering operations 
by manual intervention. This alloWs the system to account 
for unusual circumstances such as excessive rain or drought. 

It Will be immediately apparent that this lengthy evolution 
of irrigation systems has resulted in state-of-the-art systems 
that are exponentially more efficient, convenient, and effec 
tive than their predecessors. Unfortunately, hoWever, as With 
nearly all things, even advanced systems remain imperfect. 

For example, although knoWn prior art irrigation control 
lers have enabled remote communication betWeen a remote 
unit and a controller microprocessor, this communication 
has been decidedly one sided. Irrigation controllers have 
alloWed for the remote operation of Water valves and the like 
by a sending of information from the remote unit to the 
microprocessor. HoWever, they have not alloWed an oppo 
site stream of communication—communication from the 
microprocessor to the remote unit. Accordingly, a remote 
user can not determine Whether one or more Watering Zones 

is faulty (e.g., is in an open-circuit or closed circuit 
condition). Consequently, remote troubleshooting often 
becomes unduly burdensome. 

Another shortcoming exhibited by prior art irrigation 
controllers is that they give a user insuf?cient ?exibility. 
Although a user can select from multiple Watering programs 
in prior art control systems, such systems do not alloW a 
ready sWitching from one mode that employs one entire set 
of programs that the user has entered to a second or third 
mode that employs other sets of programs that the user has 
entered. Consequently, causing the irrigation controller to 
accommodate changes in seasons or the demands of germi 
nating seeds are laborious tasks each and every time they 
must be accomplished. 

Another shortcoming from Which prior art irrigation con 
trollers suffer relates to their current sensing circuitry, Which 
is typically capable of sensing faulty valves Within the 
irrigation system. Although such current sensing circuitry is 
useful for protecting an irrigation controller from harm from 
a faulty (i.e., shorted) valve, it is not capable of specifying 
hoW many valves are open in any given Watering Zone, 
Which Would alloW the irrigation controller to adjust the 
maximum alloWable current in the system. Furthermore, 
such systems are not able to determine When no valve is 
operational Whereby the system may pump Water With no 
valve open thereby causing damage to the pump and, 
possibly, other portions of the irrigation system. 
A further de?ciency in prior art irrigation controllers is 

that crucial information often is lost during extended periods 
When the overall system is Without poWer, such as during 
Winter months or extended periods of poWer failure. As a 
result, systems that lose their memory often Will not recall 
Whether they Were on or off When they Were last in use. 
When such a system again receives poWer, it may malfunc 
tion such as by activating Water valves even While the 
system is doWn. Furthermore, such a system could lose all 
of the Watering programs that had previously been entered 
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such that a user Would have to reenter each program sought 
to be employed. 

Yet another drawback exhibited by irrigation controllers 
of the prior art is a common inability to provide a specialized 
mode that alloWs a user to activate multiple Watering zones 
simultaneously. In day-to-day operation, this is a desirable 
restriction because having too many valves open during 
regular operation can cause malfunctions in the system such 
as from excessive loss in head. HoWever, such an ability is 
highly desirable during such operations as Winterizing pro 
cedures Where a user seeks to bloW the Water from each of 
the zones to prevent damage from freezing Water. As a result, 
With present-day irrigation controllers the user must activate 
each zone separately in an arduous and time-consuming 
procedure. 

Finally, a most prevalent shortcoming exhibited by prior 
art irrigation controllers is that programming them is often 
a dif?cult and confusing task. For example, a user seeking to 
program a multiplicity of Watering zones often is unable to 
determine Which Watering zone is presently selected for 
programming. Furthermore, other than by his or her oWn 
memory, users typically have no means of knoWing Which 
function of the irrigation controller he or she is program 
ming. As a result, users typically are forced to program an 
irrigation controller blind Whereby the programming proce 
dure often proves arduous and frustrating. 

Accordingly, it is clear that it Would be advantageous if 
the evolution of irrigation controllers Were to continue With 
an invention that could provide a solution to one or more of 
the de?ciencies left by the prior art. HoWever, it is still 
clearer than an irrigation controller presenting a solution to 
each and every one of the aforementioned de?ciencies in the 
prior art While providing a number of heretofore-unrealized 
advantages Would comprise a marked advance in the art. 

SUMMARY OF THE INVENTION 

Advantageously, the present invention sets about With the 
broadly-stated goal of providing an irrigation controller that 
meets each of the aforementioned needs that have been left 
unmet by the prior art and thereby presents a further step in 
the evolution of irrigation in general. 

Stated more particularly, a principal object of the present 
invention is to provide an irrigation controller that is capable 
of sending diagnostic information and the like from a main 
irrigation control unit to a remote unit that can be retained 
by a user in the ?eld to provide for ef?cient system diagnosis 
and repair. 

Afurther object of the invention is to provide an irrigation 
controller that alloWs ?exible shifting betWeen a plurality of 
Watering modes including specialized modes for germinat 
ing seeds and the like. 

The invention has the still further object of providing an 
irrigation controller that does not lose memory even during 
extended periods Without poWer. A resultant object is to 
provide an irrigation system that remembers Whether it Was 
on or off When it Was last poWered and that remembers 
irrigation programs that have been stored in its memory. 
An additional object of the invention is to provide an 

irrigation controller that provides a specialized mode, Which 
may be termed a Winterize mode, Wherein a user can 
manually activate a multiplicity of Watering zones simulta 
neously Whereby Winterizing procedures can be carried out 
more ef?ciently and conveniently. 

The invention also seeks to provide an irrigation control 
ler that incorporates current sensing circuitry that can detect 
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4 
hoW many valves are operational in each Watering zone to 
alloW the irrigation controller to adjust the maximum alloW 
able current in the system and can prevent damage to the 
irrigation system by detecting When no valve is operational. 
A still further object of the invention is to provide an 

irrigation controller that guides a user through the program 
ming process by providing an indication of presently 
selected altering zones and, possibly, programming func 
tions. 

In accomplishing the aforementioned and still further 
objects and advantages, a most basic embodiment of the 
irrigation controller includes a means for enabling an input 
ting of commands relating to Watering programs, a means 
for processing commands relating to Watering programs, a 
means for controlling a plurality of Watering zones accord 
ing to the commands, a means for retaining information 
relating to Watering programs, and a means for displaying 
information relating to Watering programs. In this 
embodiment, the means for enabling an inputting of 
commands, the means for receiving and processing com 
mands and controlling a plurality of Watering zones, and the 
means for retaining information in combination may be 
termed a means for alloWing a user to establish Watering 

programs. 
Preferably, the means for alloWing a user to establish 

Watering programs Will enable a programming of a selected 
start time and a selected Watering length individually for 
each of the Watering zones While further alloWing a pro 
gramming of a single selected start time and a single selected 
Watering length for a plurality of Watering zones. The means 
for processing commands relating to Watering programs and 
the means for controlling the plurality of Watering zones 
according to the commands may comprise a microprocessor. 
The irrigation controller may be improved further by 

enabling a programming of a Skip Day command Wherein 
the Watering program skips one or more days, a Water 
Percent command Wherein the Watering program Waters for 
a selected percentage of the selected Watering length, and, 
additionally or alternatively, a Germinate command Wherein 
a germinate Watering program temporarily replaces a basic 
Watering program. 

Ideally, the irrigation controller Will include a means for 
preventing simultaneous operation of a number of valves 
excessive of the maximum number of valves that alloWs for 
proper operation of the irrigation system during a normal 
operation of the irrigation controller. This means may com 
prise a poWer supply With a maximum current capability, a 
means for measuring current draW from the poWer supply, 
Which may comprise an analog-to-digital converter, and a 
means for comparing the current draW from the poWer 
supply With the maximum current capability of the poWer 
supply. 

Furthermore, a preferred means for alloWing a user to 
establish Watering programs Will further enable an inputting 
of a Winterize command Wherein a multiplicity of valves 
can be operated simultaneously. Further advantage may be 
had by providing a RevieW command that causes the irri 
gation controller to enter a revieW mode Wherein the means 
for enabling an inputting of commands relating to Watering 
programs is disabled Whereby a user can revieW a given 
Watering program Without risk of accidentally altering the 
Watering program. 

Preferred embodiments of the irrigation controller Will 
further include a means for retaining information relating to 
Watering programs in the absence of poWer. With this, the 
irrigation controller can retain Watering programs and an 
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indication as to Whether the irrigation controller Was last on 
or off even during extended periods Without poWer. This 
means may comprise an electrically erasable programmable 
read-only memory device (EEPROM) operably associated 
With the microprocessor. Ideally, the EEPROM Will include 
sufficient read-only memory for simultaneously retaining a 
plurality of Watering programs that can be selectively 
accessed. 
A further re?nement of the invention may be in the form 

of a means for detecting hoW many valves are operational in 
a given Watering Zone, Which may comprise an analog 
precision recti?er, and a means for automatically adjusting 
a maXimum alloWable current in response thereto. 

Yet another improvement to the irrigation controller may 
comprise a remote control unit in cooperation With a means 
for transmitting diagnostic information to the remote control 
unit regarding a status of the valves of the irrigation system. 
Preferably, such an irrigation controller Would be further 
supplemented by a means for inducing remote operation of 
the valves of the irrigation system. The means for transmit 
ting diagnostic information to the remote control unit ideally 
Will comprise a means for sending a signal from the remote 
control unit to the microprocessor to induce the micropro 
cessor to send a test signal to each valve in the irrigation 
system, a means for measuring a current across each valve, 
a means for determining based on the current across the 
valve Whether each valve is open or shorted, a means for 
transmitting Whether each valve is open or shorted to the 
remote control unit, and a means for displaying the status of 
the valves in the irrigation system on the remote control unit. 
The means for displaying the status of the valves on the 
remote control unit may comprise at least one LED numeric 
display in combination With a bi-color status LED. With this, 
the LED numeric display can display the number or numbers 
of any faulty Zones, and the bi-color status LED can indicate 
With a ?rst color Whether the faulty Zone is open and With a 
second color Whether the faulty Zone is shorted. The means 
for transmitting diagnostic information to the remote control 
unit may be founded on a communication port comprising a 
four Wire interface With tWo Wires sending poWer and 
ground and tWo Wires providing a differential signal path. 

To simplify programming of the irrigation controller and 
to eliminate blind programming, the preferred irrigation 
controller includes a means for selecting one or more of the 
plurality of Watering Zones to create a selected Watering 
Zone or Zones in combination With a means for indicating the 
selected Watering Zone or Zones. The means for selecting 
one or more of the plurality of Watering Zones may comprise 
a plurality of keys, such as membrane keypad keys. The 
means for indicating the selected Watering Zone or Zones 
may comprise an indicator mechanism, such as an indicator 
light that may be an LED, disposed proximate to each key 
for indicating Whether the Watering Zone that is selectable by 
that key is a selected Watering Zone. The means for indicat 
ing selected Watering Zones may be supplemented by a 
means for indicating an active programming function, such 
as the Start Time and Watering Length functions. 
Of course, one should remain mindful that the foregoing 

discussion is designed merely to outline broadly the more 
important features of the invention to enable a better under 
standing of the detailed description that folloWs and to instill 
a better appreciation of the inventor’s contribution to the art. 
Before an embodiment of the invention is eXplained in 
detail, it must be made clear that the folloWing details of 
construction, descriptions of geometry, and illustrations of 
inventive concepts are mere eXamples of possible manifes 
tations of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a diagram of an embodiment of the present 

invention for an irrigation controller; 
FIG. 2 is a schematic of an analog current sense circuit 

according to the present invention; 
FIG. 3 is a vieW in front elevation of an embodiment of 

the main controller of an irrigation controller according to 
the present invention; 

FIG. 4 is a How chart of the InitialiZation subroutine 
according to the present invention; 

FIG. 5 is a How chart of the Interrupt ?oW subroutine 
according to the present invention; 

FIG. 6 is a How chart of the Main Loop subroutine 
according to the present invention; 

FIG. 7 is a How chart of the Set Program subroutine 
according to the present invention; 

FIG. 8 is a How chart of the Set Time subroutine according 
to the present invention; 

FIG. 9 is a How chart of the Percent subroutine according 
to the present invention; 

FIG. 10 is a How chart of the Skip Day subroutine 
according to the present invention; 

FIG. 11 is a How chart of the Off subroutine according to 
the present invention; 

FIG. 12 is a How chart of the Manual subroutine accord 
ing to the present invention; 

FIG. 13 is a How chart of the Germinate subroutine 
according to the present invention; 

FIG. 14 is a flow chart of the RevieW subroutine accord 
ing to the present invention; and 

FIG. 15 is a How chart of the embedded Do RevieW 
subroutine according to the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENTS 

Looking more particularly to the ?gures, one sees a most 
basic embodiment of the invention depicted schematically in 
FIG. 1. The irrigation controller 20 is founded on a micro 
processor 22, Which controls all timing and sWitching func 
tions. Included in the microprocessor 22 is a microcontroller 
integrated circuit With associated I/O lines for transfer of 
control signals for other elements of the irrigation controller 
20. As Will be made most clear beloW, the microprocessor 22 
may Well be termed a means for receiving and processing 
commands relating to Watering programs and also a means 
for controlling the plurality of Watering Zones according to 
those commands. It is conceivable, though not preferred, 
that the microprocessor 22 could be supplanted by mechani 
cal sWitches and timing motors (not shoWn). 

Current sense circuitry 24 is interposed betWeen a triac 
drive 26 and the microprocessor 22, and a poWer supply 36 
is provided for poWering the microprocessor 22 in particular 
and the irrigation controller 20 in general. Acommunication 
port 28 is bi-directionally coupled to the microprocessor 22 
as is an electrically erasable programmable read-only 
memory device (EEPROM) 30, Which may be termed a 
means for retaining information relating to Watering pro 
grams. Although the EEPROM 30 is preferred, it is possible 
that another means could be employed, such as RAM, Which 
may be battery backed, a magnetic disc, an optical disk, ?ash 
RAM, or any other appropriate means, none of Which are 
shoWn. 
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Afurther element of the irrigation controller 20 comprises 
a display 32, Which may be an LED display 32, that receives 
display signals from the microprocessor 22. The LED dis 
play 32 is operably coupled to a means for enabling a 
selecting of one or more Watering Zones and a means for 
enabling an inputting of commands relating to Watering 
programs for the Watering Zones. Preferably these means 
comprise a membrane keypad keyboard 34 and function 
keys including those indicated at 38, 44, 46, 48, 50, 52, 54, 
60, 62, 64, and 68, Which are in turn operably coupled to the 
microprocessor 22. Certainly the means for enabling a 
selecting of one or more Watering Zones and the means for 
enabling an inputting of commands could assume a Wide 
variety of forms other than the keyboard 34 and the respec 
tive function keys including those indicated at 38, 44, 46, 48, 
50, 52, 54, 60, 62, 64, and 68. For eXample, one or both of 
the means for enabling a selecting of one or more Watering 
Zones and the means for enabling an inputting of commands 
alternatively could comprise mechanical dial sWitches or 
buttons, a touch-sensitive screen, a voice recognition 
arrangement, resistive potentiometers, or any other effective 
means, none of Which are shoWn. 

Turning more particularly to the basic components of the 
irrigation controller 20, the preferred poWer supply 36 is a 
24 VAC transformer that supplies poWer to valves in an 
irrigation system that is controlled by the irrigation control 
ler 20 and to regulated supplies for DC poWer to the solid 
state circuitry. The DC section of the poWer supply 36 
should supply 250 mA of current into +6 VDC to run the 
microprocessor 22, the EEPROM 30, analog ampli?ers, and 
the LED display 32. It Will be noted that the LED display 32 
is likely to use most of the DC current from the poWer supply 
36. The analog ampli?ers also use a negative supply. 
HoWever, there are other implementations that do not 
require a negative supply. There are multiple methods of 
deriving a +6 VDC supply from the transformer output. 
Consequently, the eXact con?guration is left to the reader’s 
discretion as it is non-critical provided that the current 
requirement is met. The poWer supply 36 also has a limited 
backup (not shoWn) to run a system clock (not shoWn) so the 
irrigation controller 20 can keep time during most poWer 
outages and broWnouts. 

The triac drive 26 comprises triacs for each Watering Zone 
for sWitching the 24 VAC poWer on for a given Watering 
Zone. The schematic can be found in almost any triac 
manufacturer’s application notes and Will be Well knoWn to 
one skilled in the art. A current sensing resistor (not shoWn) 
is used in the poWer line to alloW the current sense circuitry 
24 to measure the current that the triac 26 is supplying to the 
valves of the irrigation system. 
A digital input (not shoWn) is used to connect a rain or 

moisture sensor. By using a digital input rather than breaking 
the common line to the valves, as is conventionally done, the 
irrigation controller 20 can tell the user When the sensor is 
active. The irrigation controller 20 can also override the 
sensor in certain modes, speci?cally manual and remote 
control mode so the user does not need to short the sensor 
to activate the clock during servicing. The rain sensor simply 
sends a digital high voltage out one terminal and senses that 
high voltage With a second terminal to detect if the sensor is 
closed. 

Looking more particularly to the current sense circuitry 
24, Which is depicted in FIG. 2, one Will appreciate that the 
present invention improves over even those prior art irriga 
tion controllers that have over-current sensors that protect 
the controllers from faulty valves. To do so, the present 
irrigation controller 20 employs an analog precision recti?er 

15 

25 

35 

45 

55 

65 

8 
that acts not only as a means for detecting a shorted valve, 
but also as a means for detecting hoW many valves are 
operational in a given Watering Zone and a means for 
measuring the current across each valve. Cooperation of the 
current sense circuitry 24 With the microprocessor 22 
enables the microprocessor 22 to adjust the maXimum 
alloWable current from the poWer supply 36 automatically. 
The maXimum alloWable current alternatively could be 
adjusted automatically in response to hoW many valves are 
operational in a given Watering Zone by an analog compare 
circuit, digital discrete logic, or any other appropriate means, 
none of Which are shoWn. 

The irrigation controller 20 can also detect When no valve 
is present, Which Will cause the irrigation controller 20 to 
shut doWn. This is particularly advantageous in pump sys 
tems because it prevents the pump from running With no 
valve open, Which Would likely result in damage to the 
pump. This circuitry 24 also alloWs the irrigation controller 
20 to sense if anything is connected to a master valve 
terminal. As Will be described more fully beloW With refer 
ence to FIG. 3, if the master valve terminal is open, a master 
valve status LED 72 does not light thereby indicating to the 
user that nothing is connected. 

The ability of the current sense circuitry 24 to measure the 
current draW and to monitor this current draW against the 
output current capability of the transformer poWer supply 36 
alloWs the irrigation controller 20 to let the user enter a mode 
that alloWs multiple Zones to be activated simultaneously. 
This is useful When preparing an irrigation system for Winter 
conditions. The preferred embodiment of this feature is a 
Winterize key (not shoWn) on the remote (not shoWn) to give 
easy, clear access to this feature While the system is serviced 
but to prevent this mode from being entered in normal 
operation of the irrigation controller 20. By letting the user 
open several valves simultaneously during WinteriZe mode, 
Water can be bloWn out of the system several times faster 
thereby reducing service time. 
The irrigation controller 20 further provides a means for 

preventing simultaneous activation of multiple Watering 
Zones When the irrigation controller 20 is not in a WinteriZe 
mode so that the irrigation controller 20 still protects itself 
during normal operation from too many valves being open 
to operate correctly. This means may be considered to 
include the poWer supply 36 and the current sense circuitry 
24 in cooperation With the microprocessor 22, Which acts as 
a means for comparing the current draW from the poWer 
supply 36 With the maXimum current capability of the poWer 
supply 36. Alternative means for comparing the current 
draW from the poWer supply 36 With the maXimum current 
capability of the poWer supply 36 could comprise such 
means as an analog compare circuit (not shoWn) or digital 
discrete logic (not shoWn). 

In the schematic for the analog current sense circuitry 24 
of FIG. 3, the current is given by the formula Im-aC=VH/d/RS 
(Rl/Rf). Cf ?lters the output to provide a peak measurement. 
The current sense circuitry 24 acts as an A/D converter to 
function as a means for measuring current draW from the 
poWer supply 36 and for supplying the microprocessor 22 
With a digital reading of the current draW. By placing the 
diode in the feedback loop, forWard drop is reduced by the 
open loop gain of the ampli?er thereby nearly eliminating 
offset. Because the input is referenced to ground and the 
input signal is AC, the ampli?er requires a positive and a 
negative supply. This current sense circuitry 24 is provided 
separately for the master valve circuit and Zone circuits to 
alloW the microprocessor 22 to measure the current of each 
circuit 24 independently. 



US 6,453,215 B1 
9 

One Will note that the communication port 28 is provided 
With a bi-directional coupling to the microprocessor 22. 
With this bi-directional communication, a remote unit not 
only can induce remote operation of the valves of an 
irrigation system, but it also can give remote diagnostic 
information to the user. With this, the irrigation controller 20 
provides a means for displaying the status of all valves of an 
irrigation system Without a need for physical access to the 
display 32, the microprocessor 22, and the like. When a scan 
key is pressed on the remote control unit, the microprocessor 
22 sends a test signal to each valve, measures its current, and 
updates the status variables that indicate Whether that 
valve’s solenoid is draWing too much current, Which Would 
indicate that it is shorted, or too little current, Which Would 
indicate that it is open. These status variables are then sent 
through the communication port 28 to the remote. The 
remote then displays to the user any Zones that are faulty by 
means of an LED numeric display. The remote further 
indicates Whether that Zone is shorted With a red indication 
or open With a yelloW indication by means of a bi-color 
status LED. With this, the communication port 28 may be 
considered to comprise a means for transmitting diagnostic 
information to a remote unit regarding a status of the valves 
of the irrigation system and a means for sending a signal 
from the remote unit to the microprocessor 22 to induce the 
microprocessor 22 to send a test signal to each valve in the 
irrigation system. 

In the preferred embodiment, the communication port 28 
essentially comprises a Wired data link With a four-Wire 
interface Wherein tWo Wires send poWer and ground to the 
remote control unit’s receiver and tWo Wires provide a 
differential signal path. The signal is half-duplex differential 
Zero to ?ve volt. Many serial communication standards can 
be used Without affecting overall performance, but it should 
be noted that this preferred embodiment Was chosen to 
minimiZe Wire count While providing excellent noise immu 
nity. The preferred Wired data link communication port 28 
could be supplanted by a radio data link, an infra-light link, 
or any other appropriate communication port 28, none of 
Which are shoWn. 

The EEPROM 30 is basically one integrated circuit 
designed to act as a means for retaining memory in the 
absence of poWer. Any EEPROM 30 integrated circuit can 
be utiliZed as long as it has sufficient memory to hold 
Watering programs and a status variable indicating Whether 
the irrigation controller 20 Was on or off When last poWered. 
In lieu of the EEPROM 30, the means for retaining memory 
in the absence of poWer alternatively, although not presently 
preferred, could comprise battery backed RAM, ?ash 
memory, a magnetic disk, an optical disk, or any other 
appropriate means, none of Which are shoWn. 
Advantageously, the EEPROM 30 stores multiple sets of 
programs thereby giving the user added ?exibility. Although 
prior art irrigation controllers are able to retain multiple 
programs, the present invention is unique in this respect 
because its exploitation of the EEPROM 30 alloWs it to 
retain multiple Watering programs interchangeably. For 
example, one can program the irrigation controller 20 to 
Water for spring conditions Where feWer start times or 
shorter run times are typical. Then, the irrigation controller 
20 can be sWitched betWeen modes to permit entry of an 
additional Watering program such as a summer program 
Where more start times or longer run times are required. 
With this, both programs can be saved in EEPROM 30 and 
the irrigation controller 20 need not be reprogrammed as the 
seasons change. Only one Watering program is active in the 
microprocessor 22 at any one time, and the others are 
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dormant and only become active When the mode is sWitched 
to access them. 

A still more unique use of the EEPROM 30 and a unique 
aspect of the present invention overall is the provision of a 
Germinate program that is designed to retain an increased 
number of start times but has everyday Watering selected 
automatically by default. With this, the irrigation controller 
20 can be programmed With one or more normal Watering 
programs and then sWitched to a Germinate mode designed 
for meeting the needs of a neWly seeded laWn. When the 
grass starts to groW, the Germinate mode can be simply 
deselected, and the irrigation controller 20 Will readily return 
to a normal Watering program. 

Advantageously, the memory retention ability of the 
EEPROM 30 also alloWs it to store Whether the irrigation 
controller 20 is in an on or off mode When it last Was 
poWered so that it Will prevent activation of the valves While 
the irrigation controller 20 is intended to be shut doWn. Such 
a long-term memory is needed Where the irrigation control 
ler 20 is off during a Winter season or Where the poWer fails 
long enough to drain the irrigation controller’s 20 back-up 
poWer. The irrigation controller 20 accomplishes this by 
saving an off status variable in the EEPROM 30 When an off 
key is pressed on the keyboard 34. This Off subroutine is 
shoWn in FIG. 11. As a result, the irrigation controller 20 
permanently remembers that it Was turned off. When the 
irrigation controller 20 is toggled back on, the status variable 
is updated and saved to the EEPROM 30. As a result, the 
EEPROM 30 alWays remembers the current status of the 
irrigation controller 20. When initialiZing from a poWer 
failure or an extended shutdoWn period, this status variable 
is read from the EEPROM 30 thereby alloWing the irrigation 
controller 20 to remember Whether it Was off or on before the 
poWer failure or shutdoWn occurred. Of course, the 
EEPROM 30 also stores all Watering programs. With this, 
the Watering programs are retained even during extended 
periods Without poWer Where any backup poWer fails. As 
With the status variable, the normal Watering program is 
automatically read from EEPROM 30 during initialiZation. 

Looking again to FIG. 1, one sees yet another unique 
feature of the irrigation controller 20 in the form of the 
feedback from the display 32 to the keyboard 34 that alloWs 
a simpli?ed programming procedure While providing supe 
rior ?exibility. The arroW betWeen the display 32 and the 
keyboard 34 in FIG. 1 indicates that the display 32 reacts to 
the keys 42 pressed and gives the user feedback. With this, 
each key 42 may be considered a means for selecting one or 
more of the Watering Zones to create a selected Watering 
Zone or Zones. It is Within the scope of the invention that the 
keys 42 could comprise any effective type including the 
preferred membrane keypad keys 42, keys on a touch 
sensitive screen, traditional computer keyboard-type keys, 
or any other effective keys. 

Looking to FIG. 3, a depiction of the front panel 21 of the 
main controller 80 of the irrigation controller 20, one sees 
that an indicator mechanism 40 or indicator light 40, Which 
preferably comprises LED 40, is disposed proximate to each 
key 42. Advantageously, When a Watering Zone represented 
by a given key 42 is selected, the LED adjacent to that key 
is activated to indicate the currently selected Watering Zone 
or Zones. For example, if Zones 2, 5, and 9 are selected, then 
each of the LED’s 40 adjacent to the keys 42 for Zones 2, 5, 
and 9 Will light. Of course, providing an LED 40 adjacent to 
each key 42 comprises just one of a multitude of possible 
means for indicating a current selection, Which means may 
be considered to be an element of a means for displaying 
information relating to Watering programs. For example, a 














